Tidal marshes protect coastal communities from the effects of sea level rise and storms, yet they 19 are vulnerable to prolonged inundation and submergence. Uncertainty regarding their 20 vulnerability to sea level rise motivated the establishment of a monitoring network in the 21 Delaware Estuary and Barnegat Bay. Using data collected through these efforts, we determined 22 whether rates of tidal marsh sediment accumulation and elevation change exceeded local sea 23 level rise and how these dynamics varied along geographic and environmental gradients. Marker 24 horizons, surface elevation tables, elevation surveys, water level data, and water column 25 suspended sediment concentrations were used to evaluate sea level rise vulnerability. Of 32 study 26 sites, 75% had elevation change that did not keep pace with long-term rising sea levels 2018) and 94% did not keep pace with recent sea level rise (2000)(2001)(2002)(2003)(2004)(2005)(2006)(2007)(2008)(2009)(2010)(2011)(2012)(2013)(2014)(2015)(2016)(2017)(2018). Mean high water rose 2 28 most rapidly in the freshwater tidal portion of the Delaware Estuary with rates nearing 1 cm yr -1 29 from 2000-2018. We noted that greater sediment accumulation rates occurred in marshes with 30 large tidal ranges, low elevations, and high water column suspended sediment concentrations. 31 We found correlations between rates of shallow subsidence, increasing salinity, and decreasing 32 tidal range. Marsh elevation and water level surveys revealed significant variability in elevation 33 capital and summer flooding patterns (12-67% inundation). However, rapid increases in mean 34 high water over the past 19 years suggests that all marsh platforms currently sit at or below mean 35 high water. Overall, these data suggest that tidal marshes in the Delaware Estuary and Barnegat 36 Bay are vulnerable to submergence by current rates of sea-level rise. While we observed 37 variability in marsh elevation capital, the absence of strong correlations between elevation trends 38 and environmental parameters makes it difficult to identify clear patterns of sea level rise 39 vulnerability among wetlands. 40 50 Despite being assets for coastal community protection, tidal marshes are vulnerable to the 51 impacts of SLR, especially when additional anthropogenic stressors reduce their elevation or 52 accretionary capacity, such as declining sediment inputs and altered hydrology [7-10]. 53 Accumulation of plant material in the soil and sediment accumulation interact to build elevation 54 through dynamic feedbacks with sea level [11-16]. Declines in sediment availability caused by 55 channel dredging, upstream damming, and changes in agricultural practices, coupled with 56 hydrological changes, such as mosquito ditching, attenuate tidal marsh responses to sea level 57
Introduction

41
Tidal marshes can moderate some of the impacts of climate change including storm surge 42 and wave attenuation, nutrient uptake and removal through denitrification, and mitigation of 43 greenhouse gas emissions through carbon sequestration [1] [2] [3] . An analysis of damage caused by 44 Hurricane Sandy in the U. S. Mid-Atlantic suggested that intact tidal marshes reduced flood 45 damages by more than US $625 million and lower annual flood risks around Barnegat Bay, NJ Extensive disturbances in Barnegat Bay and below average elevations relative to tides in 73 the Delaware Bay suggests that tidal marshes in both estuaries have a high degree of 74 vulnerability to accelerating rates of SLR [18, [30] [31] [32] [33] [34] [35] [36] . Tidal marsh losses and increased interior 75 flooding have been documented in both estuaries [7, [26] [27] [30] [31] [32] [33] [34] [35] [36] , but no analyses of elevation 76 dynamics across these areas have been completed to date. Further, elevation change data from 77 other locations in the Mid-Atlantic and Northeast have shown that SLR frequently exceeds 78 marsh accumulation [37] [38] [39] [40] [41] [42] . 79 The importance of maintaining Mid-Atlantic tidal marshes for community protection, 80 combined with ongoing evidence of marsh drowning, motivated the establishment of a 81 monitoring network. Two National Estuary Programs in collaboration with the Academy of 82 Natural Sciences of Drexel University established this network to determine how tidal marshes 83 in the Delaware Estuary and Barnegat Bay are responding to accelerated SLR 84 (www.macwa.org). A variety of data were collected as part of these monitoring efforts, but this 85 particular study focuses on surface elevation change and surface accretion rates. Our objectives 86 were to: (1) compare rates of marsh sediment accumulation and vertical elevation change to 87 long-term and contemporary rates of SLR, as well as contemporary rates of rise in mean high 88 water for the Delaware Estuary and Barnegat Bay; (2) to determine how elevation capital, 89 salinity, tidal range, and water column suspended sediments influence elevation dynamics among 90 geographically distinct tidal marshes. 91 
Materials and methods
92
Study Sites 93 The Delaware Estuary, located in New Jersey, Delaware, and Pennsylvania, contains over 94 66,000 ha of tidal marsh [35] . It has a length of approximately 215 km from the fall line at Trenton, New Jersey to its confluence with the Atlantic Ocean. Upstream of Wilmington, 6 118 lands (i.e., the Edwin B. Forsythe National Wildlife Refuge holds ~14,800 ha) [46] . Estimated 119 rates of salt marsh loss in the Barnegat Bay were ~6 ha y -1 from 1996-2010 [36] . Tidal marshes 120 manipulation for mosquito population control have been extensive, with many marshes grid 121 ditched and over 7,000 mosquito management ponds excavated [47] . Open marsh water 122 management (OMWM), a mosquito management tactic, increases pond habitat to lure 123 insectivorous fish to the high marsh, but the process also causes vegetation losses and affects 124 elevation, as excavated peat is side-casted onto the marsh [18, 47] . 125 Monitoring protocols 126 We established eleven monitoring sites in tidal marshes of the Delaware Estuary and 127 Barnegat Bay, which varied in tidal range, salinity, and dominant vegetation type (Fig 1; 
Results
187
Marsh elevation capital relative to MHW was variable among focal tidal marshes (Fig 2) . 188 In the Delaware Estuary, marshes along the Broadkill River, the Christina River, and Dennis 189
Creek possessed notable elevation capital, whereas Tinicum marshes sat low in the tidal frame. 190 In Barnegat Bay, Reedy Creek and Island Beach had lower elevation capital compared to Dinner 191 Point Creek and Horse Point. We found significant differences between long-term (i.e. NTDE) 192 and current high tide flooding levels (Tables 2 and 3) (Table 3) . Notably, LSLR was 44% greater over the past 19 years than over the last 50 218 years, and over the past 19 years, the rise in MHW was significantly greater (30%) than LSLR 219 ( Processes of elevation change, accretion, and shallow subsidence varied between the two 237 estuaries, as well as along the salinity gradient in the Delaware Estuary (Figs 4 and 5; Table 4 ). Table 4 for those rate values). 
